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Lower portion of the 
apparatus used to 

measure the acceleration of 
gravity. Counterweights 
hold carriage in intermediate 
position while Douglas Tate 
makes adjustments. (See 
page 50.) 


LINE-STANDARD 


INTERFEROMETER 


For Accurate Calibration of Length Scales 


Accurate calibration of length 
scales at moderate cost is made pos- 
sible by an automatic fringe-counting 
interferometer developed at the Na- 
tional Bureau of Standards. Using 
light waves from a laser source, the in- 
strument measures line standards di- 
rectly in lengths up to 1 meter and 
achieves a precision of a few parts in 
10%; 

The line-standard interferometer! 
was devised by H. D. Cook and eval- 
uated by J. S. Beers as part of a 
program for the automation of NBS 
calibration activities. It has already 
reduced the time required for length- 
scale calibrations by a factor of 10, 
with a corresponding reduction in 
costs.” 

Graduated length scales are used to 
define translation distance in many 
types of precision machine tools and 
scientific instruments. Heretofore 
their calibration has been laborious, 
sometimes requiring thousands of 
visual microscope comparisons. Thus 
until now calibration costs have been 
so prohibitive that few adequately 
calibrated length scales existed out- 
side the national standards labora- 
tories of the more highly industrial- 
ized nations. 


J. S. Beers observes the monitor and con- 
trol panel of the line-standard interferom- 
eter during an automatic calibration of a 
length scale. A graduation line is elec- 
tronically shown (upper left) while the 
fringe count to the nearest hundredth is 
displayed (lower). 


Design and Operation 


The basic parts of the instrument 
are an interferometer for establishing 
an accurate length standard, an auto- 
matic photoelectric microscope for 
line positioning, environmental con- 
trols, and data recording and process- 
ing equipment. 

The main body of the calibrator is 
a precision way bed, 2 meters long, 
on which a carriage holding the 
length scale is moved by a lead screw. 
A modified Michelson interferometer 
is mounted at one end of the bed with 
one of its plane mirrors attached to 
the movable carriage. The photo- 
electric microscope is mounted above 
the carriage in a fixed position to scan 
all scale graduations as the carriage 
moves. This entire apparatus is in a 
vibration isolated enclosure held at 
20 0.01 °C by a servo-controlled 
circulating water bath. All heat 
producing components such as light 
source, photomultiplier tubes, micro- 
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FRINGE MONITOR 


MICROSCOPE MONITOR 


scope lamp, drive motor, and elec- 
tronic circuits are externally mounted. 
Room temperature is maintained at 
20 =£0.25 °C, 

Fringes formed by the interferom- 
eter are detected, counted, and inter- 
polated, giving a continuous indica- 
tion of carriage position. Using 
plane mirrors in the interferometer 
instead of the more common retro- 
reflectors is an important feature, al- 
lowing servo-controlled alinement of 
the scale and other parts and reduc- 
ing possible geometric measurement 
errors. Four retarding plates divide 
the interferometer beam into quad- 
rants and the plates are adjusted 
to produce a 90° phase displacement 
between patterns in adjacent quad- 
rants. When the carriage moves, four 
sinusoidal signals are obtained from 
photomultipliers monitoring each 
quadrant. Fringe counting, fringe 
interpolation, and servo-control of 
mirror parallelism are derived from 
these four related signals. 


The way bed and movable carriage of the 
line-standard interferometer developed at 
NBS are shown before the apparatus was 
installed in its temperature-controlled 
housing. The photoelectric microscope 
views the graduations on a length scale 
placed in the carriage. Carriage displace- 
ments are made to correspond exactly to 
scale length intervals by centering each 
graduation mark in the microscope ’s opti- 
cal axis. The laser beam enters behind 
the beam splitter, and fringe detecting 
photomultipliers are mounted to the left of 
the beam splitter. 


LINE-STANDARD continued 


The stabilized laser (helium-neon ) 
light source has greatly improved the 
interferometer’s range. Coherence of 
laser light exceeds that of other light, 
and high contrast interference fringes 
are easily maintained over the meter- 
long path. With other light sources 
scales longer than 2 decimeters had 
to be measured in steps and the results 
added to obtain a full calibration. 

Length scale calibration is achieved 
by making carriage displacement 
correspond exactly to scale interval 
length. This correlation is accom- 
plished by the photoelectric micro- 
scope. A vibrating mirror in the 
microscope sweeps a magnified image 
of the vertically illuminated gradua- 
tion across a slit located in front of a 
phototube. Electronic circuits ana- 
lyze the resulting signal and generate 
an output voltage proportional to the 
deviation between line center and 
microscope field center. When this 
voltage is zero the line is centered, 
and the interferometer fringe count 
is recorded. 


Temperature Control 


Temperature control is important 
because it affects the wavelength of 
light, the length of the scale, and the 
critical orientation of interferometer 
mirrors and microscope. Automatic 
recording thermocouples monitor tem- 
perature at 10 points inside the inter- 
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PHOTOELECTRIC MICROSCOPE 


LINE SCALE 


HYDRAULIC PISTONS FOR 
MAINTAINING MIRROR PARALLELISM 


ferometer housing. Signals from the 
thermocouples are averaged or used 
individually for servo-control of the 
water bath temperature circulating in 
the interferometer housing. The ref- 
erence themocouple junction is main- 
tained at 20 °C as indicated by a 
platinum-resistance thermometer. 


Use in Calibration 


After the scale is mounted, inter- 
ferometer alined, and temperature 
equalized, the carriage is set so that 
the zero scale graduation is in the 
microscope field. The servo-control 
makes the fine adjustment of the car- 
riage, centering the graduation. The 
arbitrary reference fringe count is 
automatically recorded. The lead 
screw immediately drives the carriage 
to the next programed stop, placing 
the graduation within the microscope 
field. The servo again makes the fine 
adjustment, centering the graduation. 
Fringes are counted during motion 
of the carriage and the total count is 
recorded to the nearest hundredth of 
a fringe as soon as centering occurs. 
This automatic procedure is repeated 
until the terminal graduation is 
reached. For increased accuracy the 
scale is then measured in the opposite 
direction. 

The limitations on the size of scales 
that can be calibrated in this instru- 
ment are: length, 1 meter; width, 100 
millimeters; and thickness, 50 milli- 
meters. The segment of each gradua- 
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tion to be calibrated should be defined 
by a pair of longitudinal lines spaced 
0.1 or 0.2 mm apart, running the 
length of the scale. Graduation width 
should be 25 microns or less. 


Data Processing 


The refractive index of air, and 
consequently the wavelength of light, 
are affected by atmospheric pressure, 
temperature, and humidity. These 
parameters, plus the temperature of 
the scale and the fringe counts re- 
corded at each scale graduation, are 
fed to a digital computer. The com- 
puter makes all the necessary correc- 
tions and prints the final results in 
tabular form showing the length of 
each measured scale interval. A sta- 
tistical analysis comparing and aver- 
aging the results of several passes on 
the same scale is also possible. 


Accuracy 


Calibration accuracy is limited by 
scale graduation quality, microscope 
sensitivity, accuracy of temperature 
control, and measurement uncertainty 
of the wavelength of the laser light 
and other factors. The small uncer- 
tainty of the laser wavelength is not 
a serious limitation as present length- 
scale calibration accuracy is five parts 
in 10’, and the wavelength uncertainty 
is only a few parts in 10°. 

The line-standard interferometer 
was tested for accuracy by measuring 
NBS reference meter bars. Thus the 


NBS Technical News Bulletin — 


interferometer was compared with 
conventional methods of measuring 
length scales and was found to be at 
least as accurate. It has therefore 
been put into routine operation with 
the same calibration accuracies of- 
fered as were previously available: 


+1 micron (+0.000040 inch) and 


+0.5 micron (+0.000020 inch). 

Experiments are under way to 
apply the line standard interferometer 
to the calibration of long gage blocks 
and step gages. Preliminary results 
have been so encouraging that it is 
hoped this new service can be offered 
in the near future. 


1For further details, see Use of a laser for 
length measurement by fringe counting, by K. E. 
Gillilland, H. D. Cook, and K. D. Mielenz, Metro- 
logia, 2, 95-98 (July 1966). 

>For a schedule of calibration fees, see NBS 
Misc. Pub. 250, Calibration and test services of 
the National Bureau of Standards, 1965 edition. 
Available from the Superintendent of Documents, 
U.S. Government Printing Office, Washington, 
D.C. 20402, for $1.00 


CONFERENCE BRIEFS 


AAAS SESSION HELD AT NBS 


As part of the 133d meeting of the American Associa- 
tion for the Advancement of Science, the 8th Washington 
Session of Section B—Physics, was held at the Bureau’s 
Gaithersburg site on Thursday, December 29, 1966. The 
session included four invited papers on physical measure- 
ment and data systems, the Section B vice-presidential 
address, and a tour of the new NBS facilities. 

R. D. Huntoon, Director of the Institute for Basic 
Standards, introduced the systems approach as a new 
way of looking at the vast complex of measurement activ- 
ities in broad perspective, to evaluate the effectiveness of 
the overall system and its various elements, and to take 
whatever action is necessary to improve the system’s 
operation and output. Such an approach should lead to 
more accurate measurement throughout the Nation and to 
the more rapid advancement of science and technology, 
which are based on measurement. Dr. Huntoon said the 
role of NBS in this system is to provide the central core 
of natonal standards and to supply central Federal leader- 
ship for it. 

L. E. Howlett (Director of the Division of Applied 
Physics, National Research Council, Canada; and Chair- 
man of the International Committee of Weights and Meas- 
ures) explained the work of the International Bureau of 
Weights and Measures (IBWM). The IBWM provides 
a world measurement system that is uniform everywhere 
and of high accuracy and precision, without which there 
would be no scientific and industrial progress. The 
IBWM’s responsibility is to set up “points of departure” 
for measurement research. Such work takes in the im- 
provement, refinement, or replacement of the six basic 
units (meter, kilogram, second, ampere, degree kelvin, 
and candela). It also covers areas in which the lack of 
departure points prohibits even the best scientists from 
attaining the desired precision, accuracy, and uniformity. 

E. L. Brady, Chief of the NBS Office of Standard 
Reference Data, spoke on the activities of the “National 
Standard Reference Data System” and its role in the 
national measurement system. NSRDS was established in 
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1963 as an attempt to provide the scientific and technical 
communities with critically evaluated scientific data by 
creating a storehouse of standard reference data. In the 
past 3 years, significant progress has been made in setting 
up data evaluation and compilation projects throughout 
the country, particularly in the fields of thermodynamic 
and transport properties and in atomic and molecular 
properties. 

H. Brown, of the California Institute of Technology 
and Foreign Secretary of the National Academy of 
Sciences, discussed the international aspect of data 
compilation. He reviewed the founding last year of the 
Committee on Data for Science and Technology 
(CODATA) which is sponsored by the International 
Council of Scientific Unions. In general, CODATA’s 
goals are to improve compilation efforts by increased 
participation of young scientists, better working condi- 
tions and facilities for compilers, increased budgets for 
such work, and by encouraging experimental research to 
fill the gaps in both the knowledge and compilations in 
important areas. 

A. V. Astin, NBS Director and vice president of 
Section B, described the Bureau’s efforts in planning its 
new laboratories at Gaithersburg. He explained the rea- 
sons for relocating the Bureau and the problems involved 
in designing an ultramodern research facility which would 
meet the various needs of over 1,000 scientists and engi- 
neers working in the physical sciences. 

The attendees then toured the new facilities including 
the Bureau’s linear particle accelerator, a helium-neon 
laser used for length measurement, equipment for measur- 
ing forces up to 12 million pounds, some of the basic 
electrical standards, and a display of some of the varied 
work in materials science performed at NBS. 


SYMPOSIUM ON CERAMIC MATERIALS AND THEIR 
PROPERTIES 


A total of 140 scientists and engineers attended a 1-day 
symposium on ceramic materials and their properties on 
October 14, 1966. The symposium was held at the new 

continued 
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site of the National Bureau of Standards in Gaithersburg, 
Md. The symposium was jointly sponsored by the Amer- 
ican Ceramic Society, the American Society for Testing 
and Materials, and the National Bureau of Standards. 

Intended primarily for engineers and scientists whose 
specialties are in fields other than ceramics, the symposium 
provided a concise introduction to the properties of ceramic 
materials somewhat in the manner of a short course. The 
papers presented were also preprinted and distributed to 
the symposium attendees. 

As an introduction, Cyrus Klingsburg of the National 
Academy of Sciences spoke on the scope of modern 
ceramic materials. He set the stage for the other papers 
by tracing the use of ceramics from the dawn of history 
to the present. He pointed out that while the field of 
ceramics is still an art form today, it is also both an engi- 
neering technology and a science in our modern society. 

H. F. McMurdy of ASTM went into the crystal chem- 
istry of ceramics dealing with the formation of com- 
pounds, their atomic structure, and their isostructural, 
isomorphous, and polymorphic relationship. He related 
these factors to the properties which make these materials 
useful in various applications. J. F. Schairer of the 
Geophysical Laboratory, Carnegie Institute of Washing- 
ton, explained the usefulness of phase equilibrium dia- 
grams to determine the thermal behavior of ceramic 
materials. 

L. P. Domingues of the Bureau of Mines discussed 
the thermal properties of ceramics from the standpoint 
of the effect of temperature on the vibrations of the lattice 
of constituent atoms or ions comprising the ceramics. 
F. J. Mardulier, ASTM vice president, addressed the 
symposium on the value of ASTM to the ceramics industry 
and pointed out the need for increased standardization. 
J. B. Wachtman, Jr., of NBS spoke on the mechanical 
properties of ceramics and how these usually result from 
interactions of fundamental deformation processes. J. L. 
Pentecost of Melpar, Inc., covered the general nature of 
ceramic materials used for electrical applications. 

The papers on crystal chemistry and mechanical prop- 
erties will be published by the American Ceramic Society 
in its Bulletin; those on thermal properties and electrical 
properties will be published by Industrial and Engineering 
Chemistry. 

A followup symposium on the properties of ceramic 
materials is planned for the spring of 1968. Information 
concerning this symposium can be obtained from Dr. 
J. B. Wachtman, Jr., Inorganic Materials Division, Na- 
tional Bureau of Standards, Washington, D.C. 20234. 


NBS HOSTS AWS AND ASM REGIONAL MEETING 


Approximately 175 members of the American Society 
of Metals and the American Welding Society held a joint 
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regional meeting at the National Bureau of Standards’ 
new Gaithersburg (Md.) laboratories on Friday, Decem- 
ber 9, 1966. The program included talks by NBS staff 
members and a tour of selected laboratories to better 
acquaint the societies with the Bureau’s role in materials 
research and measurement standards. 

The morning session began with a welcoming address 
by A. V. Astin, NBS Director. The next speaker was 
H. E. Sorrows, Assistant to the Director of the Insti- 
tute for Materials Research, who gave a presentation on 
the organization and programs of IMR. M. R. Meyerson, 
Chief of the Engineering Metallurgy Section, then spoke 
on the organization and programs of the Metallurgy divi- 
sion. W. W. Meinke, Chief of the Analytical Chemistry 
Division and the Office of Standard Reference Materials, 
followed with a discussion of NBS work in standard refer- 
ence materials and analytical chemistry. 

The visitors were also given a description of some of 
the Bureau’s new large force-measurement facilities and 
their uses, by L. K. Irwin, Chief of the Engineering 
Mechanics Section. (C. O. Muelhause then discussed 
the Bureau’s new reactor facility and its applications. 
The talks were concluded by R. S. Caswell, Acting 
Chief, Radiation Physics Division, speaking on NBS fa- 
cilities and programs for the study of ionizing radiations. 

The afternoon tour of NBS laboratories included a 
display of representative outputs of the Institute for 
Materials Research illustrating the great variety of pro- 
grams it carries out in materials science. The visitors 
saw a heat treating laboratory which was equipped for 
treating metals in vacuum, endothermic atmosphere, 
cracked ammonia, hydrogen, helium, argon, and nitrogen 
at temperatures up to 2400 °F. They also visited the 
Engineering Mechanics Building which houses a 12-mil- 
lion-pound-capacity testing machine used for testing large 
structural components and devices such as those used to 
measure rocket thrust. 

The visitors were shown the procedure for preparation, 
certification, and distribution of standard reference mate- 
rials. Standard reference materials fill the needs of indus- 
try, science, and Government for reliable reference points 
in the Nation’s measurement system. 

Also included in the tour was the NBS 10-megawatt 
research reactor. This facility will supply radiation for 
studies of molecular and crystalline structures, investiga- 
tions of nuclear processes such as fission and neutron cap- 
ture, standards development, and generation of radioiso- 
topes for activation analysis and tracer production. 

The final part of the tour included a trip through the 
new Central Instrument Shops where the society members 
observed applications of new techniques in the design and 
fabrication of joints for ultrahigh vacuum systems compo- 
nents. 

These processes included semi-automatic T.I.G. weld- 
ing, vacuum electron beam welding, vacuum furnace braz- 
ing, and the application of vacuum leak detector testing. 
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Clamp for Low 
Temperature 
Experiments 


The support of large, expensive, and complicated giass 
Dewars in a safe and convenient way is a major problem 
in building experimental low temperature apparatus, To 
solve this problem for researchers in the NBS Institute 
for Materials Research, W. J. McKean, an instrument 
maker assigned to the solid state physics laboratory, has 
made a Dewar clamp that offers ease of installation on 
the cylindrical Dewar neck. 

A commercial Dewar clamp usually fits only the Dewar 
with which it is sold, and the clamp is not easily converted 
for different experimental arrangements. Also, many 
commercial clamps are constructed in such a way that 
nonuniform stresses are placed on the glass Dewar neck. 
The NBS-built Dewar clamp, however, eliminates these 
disadvantages and can be inexpensively constructed in 
laboratory workshops. 

This Dewar clamp consists of a cylindrical sleeve which 
has been slotted to provide a number of fingers around the 
cylinder wall. Strips of cork are cemented on the inside 


Left: The fingers of the Dewar clamp 
made at NBS are lined with cork 
strips and are tightened on a Dewar 
neck by the surrounding aircraft-type 
hose clamp. é 
Right: W. J. McKean places a Dewar 
flask, held by the clamp he made, into 
a nuclear magnetic resonance 
spectrometer. The clamp has 
proved quite useful in this apparatus. 


surface of these fingers to grip the Dewar, and the fingers 
are tightened uniformly on the Dewar neck by adjustable 
aircraft-type hose clamps. A flange around the bottom 
of the cylindrical clamp holds the entire assembly on a 
support table. This flange is about one-half inch in width 
and can be marked accurately in angular increments so 
that the Dewar apparatus can be rotated through certain 
angles as desired. The clamp is made of aluminum, and 
the inside cylindrical dimensions can be machined to fit 
any Dewar. 


NEW TUNGSTEN-FILAMENT 
LAMP STANDARDS ADOPTED 


A great deal of time, effort, and money are being ex- 
pended today to obtain measurements of solar radiation 
in space. These measurements, as well as those required 
in studies of photochemical processes, have brought about 
a need for higher accuracy and wider ranges in measure- 
ments of total irradiance than were previously required. 

To obtain more accurate radiation measurement, R. 
Stair, W. E. Schneider, and W. B. Fussell of the NBS 
Institute for Basic Standards recently made a study which 
has led NBS to adopt new standards of total irradiance. 
This study, supported by the National Aeronautics and 
Space Administration, showed that tungsten-filament 
lamps are more accurate, are available in a wider range 
of output, and can be operated at higher temperatures 
than the previous carbon-filament lamp standards. 

Most of the meteorological measurements of solar radia- 
tion throughout the world are still based on the Angstrom- 
type pyrheliometer or the Abbot silver-disk instrument. 
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However, neither of these instruments can be considered 
truly absolute and through the years differences in results 
have occurred through the use of the two instruments. 
To date, differences between the two scales (1 to 2 percent ) 
have not been completely resolved; thus a new standard 
has been needed in this area. 

For other than meteorological measurements, a standard 
of total irradiance originally set up by Coblentz ' in 1913 
was the 50-watt carbon-filament lamp operating at a color 
temperature of 1800 to 2000 °K. This standard has 
served well for more than 50 years in the United States 
and throughout the world. However, the new standards 
operate at much higher temperatures than the carbon- 
filament lamps and the peak of their spectral energy curve 
falls more toward the shorter wavelengths. This curve 
conforms more closely to the spectral curves of the NBS 


continued on page 52 


47 


PULSE VOLTAGE CALIBRATION SERVICE 


A new calibration service for peak pulse voltage is now 
being offered by the Radio Standards Laboratory 
(Boulder, Colo.) of the NBS Institute for Basic 
Standards. 

Measurement capabilities are in the range of 5 to 1,000 
volts peak. From 5 to 100 volts the rise time of the meas- 
ured pulse can be as fast as 10 nanoseconds, and the peak 
duration as short as 10 nanoseconds. The maximum 
pulse duration in this lower voltage range is limited to 
100 microseconds with a duty factor of 0.10 or less. In 
the range of 100 to 1,000 volts, measurements can be made 
on pulses having rise times as fast as 30 nanoseconds and 
peak durations of 30 nanoseconds or more. Maximum 
pulse duration in the higher voltage range is limited to 
5 microseconds with a duty factor of 0.01 or less. 

Pulse duration, as used here, refers to the time the 
pulse amplitude is greater than 50 percent of peak ampli- 
tude. Peak duration is defined here as the time that the 
pulse is at peak amplitude or greater than 99.8 percent of 
the peak amplitude. 

The uncertainty of measurement over the range of 5 to 
1,000 volts is 1 percent. 

The method of measurement utilizes two independent 
systems that can be intercompared, one a standard pulse 
generator, the other a peak pulse voltmeter. The stand- 
ard pulse generator consists of a group of Zener diode 


Leon F. Saulsbery of the Radio Standards Laboratory making 
adjustments to intercompare the slideback voltmeter with the Zener 
diode limiting circuits located in the Dewar flask at the left. The 
equipment is used in the calibrating peak pulse voltage. 


Zener diode limiting circuits and 
Dewar flask containing liquid 
nitrogen in which Zener circuits 
are immersed for temperature 
stabilization. 
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limiting circuits that are driven by pulse amplifiers and 
commercially available pulse sources. Several types of 
Zener circuits have been developed, some of which are for 
fast risetime pulses. 

A d-c measurement affords an easy and accurate 
method of determining the limiting voltage of the Zener 
diode circuits. To avoid unwanted heating effects caused 
by the use of dc to calibrate low duty cycle pulses, the 
diodes are immersed in liquid nitrogen. In this way their 
temperature can be held constant over wide extremes of 
operation, and any effect of temperature variation on the 
limiting voltage is removed. Furthermore, any instabil- 
ities caused by room temperature variations are also 
avoided. 

The voltmeter is a slideback circuit arrangement in 
which a voltage pulse of unknown amplitude is compared 
against a d-c voltage. Nulling of the voltage pulse with 
an accurately measured d-c voltage gives the peak pulse 
voltage. 

The slideback voltmeter is constructed with a coaxially 
mounted input in which the pulse is nulled, so that the 
pulse is not affected by coaxial leads or wiring beyond the 
input section. Several input sections have been con- 
structed with different input impedances, so that one can 
select the one that best matches the impedance of the 
system being measured. 

Using these two methods of measurement, calibrations 
can be performed on both pulse generators and peak- 


reading pulse voltmeters. It is expected that manufac- 
turers of pulse voltage equipment, such as generators and 
voltmeters, will find this service useful. Groups using 
voltage pulse equipment, such as those involved in com- 
puters, radar, telemetry, and medical electronics, should 
find the service helpful in determining equipment accu- 
racy and in maintaining compatibility with the national 
measurement system. 

It is anticipated that a calibration service at higher volt- 
ages will become available, and that the uncertainty of 
measurement in the present range will be reduced. 


EFFECTIVE EFFICIENCY OF COAXIAL 
BOLOMETER UNITS 


From 4 to 10 GHz 
The Radio Standards Laboratory (Boulder, Colo.) of 


the NBS Institute for Basic Standards announces a cali- 
bration service for the measurement of effective efficiency * 
of coaxial bolometer units over a continuous frequency 
range from 4 to 10 GHz. In this range the calibration 
service was available previously only at 9 GHz. 

This extension of the service is based on a measurement 
technique developed by Glenn F. Engen?” of the Radio 
Standards Engineering Division. The technique provides 
a means of transferring the calibrations of bolometer units 
in rectangular waveguide systems to coaxial bolometer 
units. This is done with the aid of a coaxial-to-waveguide 
transition. 

Although a transfer is made from one type of trans- 
mission line to another, the uncertainty in the effective 
efficiency of the coaxial unit eventually measured is rea- 
sonably low. In the frequency range of 7.05 to 10 GHz 
the estimated limit of error is 1.5 percent, and in the fre- 
quency range of 4 to 7.05 GHz the estimated limit of 
error is 2 percent. 

The calibration service is available at present only for the 
measurement of effective efficiency and at a nominal power 
of 10 milliwatts. The bolometer unit must be fitted with 
a male Type N connector complying with MIL—C-39012 
specification; and it must contain thermistor-type elements 
having a nominal operating resistance of 200 ohms. 


STANDARD FREQUENCY AND TIME BROADCASTS 


WWV—2.5, 5.0, 10.0, 15.0, 20.0, and 25.0 MHz 

WWVH—2.5, 5.0, 10.0, and 15.0 MHz 

WWVB—60 kHz 

Radio stations WWV (Fort Collins, Colo.) and WWVH 

(Maui, Hawaii) broadcast signals that are kept in close 
agreement with the UT2 scale by making step adjustments 
of 100 ms as necessary. Each pulse indicates that the 
earth has rotated approximately 15 arcseconds about its 
axis since the previous one. Adjustments are made at 


0000 UT (7:00 p.m., e.s.t.) on the first day of a month. 
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Input pulse to Zener 
diode limiting circuit. 
Sensitivity of 
oscilloscope 200 volts 
per division. Sweep 
speed set at I usec 
per division. 


Output pulse from a 
600-volt Zener 
limiting circuit driven 
by input pulse shown 
in top photograph. 
Vertical sensitivity of 
oscilloscope 100 volts 
per division. 


Output pulse from a 
400-volt Zener limiting 
circuit driven by input 
pulse shown in top 
photograph. 

Vertical sensitivity of 
oscilloscope 100 volts 
per division. 


There will be no adjustment made on 1 April 1967. The 
pulses occur at intervals that are longer than 1 second by 
300 parts in 10° due to an offset in carrier frequency 
coordinated by the Bureau International de l’Heure (BIH), 
Paris, France. 

Radio station WWVB (Fort Collins, Colo.) broadcasts 
seconds pulses derived from the NBS Time Standard 
(NBS-III) with no offset. Step adjustments of 200 ms 
are made at 0000 UT on the first day of a month when 
necessary. BIH announces when such adjustments should 
be made in the scale to maintain the seconds pulses within 
about 100 ms of UT2. There will be no adjustment made 
on | April 1967. 


1 The effective efficiency of a bolometer unit is the ratio of substituted 
d-c power in the bolometer unit to the rf power dissipated within the 
unit. 

2 Coaxial power meter calibration using a waveguide standard, by G. F. 
Engen, J. Res. NBS 7OC (Engr. &. Instr.), 127 (Apr.June 1966). 
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Apparatus used recently to determine the acceleration 
of gravity. 


A new absolute determination of the acceleration due 
to gravity (g) has been made by the National Bureau of 
Standards. The measurement was made at the Bureau’s 
laboratories near Gaithersburg, Md., by Douglas R. Tate 
of the NBS Institute for Basic Standards.* 

The result, reduced to a gravity meter station on the 
floor of the site, is 9.801018 m/s? with a standard devia- 
tion of 0.3 X 10-° m/s?(=+0.3 milligal) .? 

The acceleration due to gravity is a pivotal quantity 
in several areas of precise measurement. It enters directly 
into the NBS determination of the ampere as an electrical 
standard, into standards of force for calibrating load cells 
that measure rocket thrust, and into standards of fluid 
pressure (where it is needed, for example, to express in 
terms of the meter, kilogram, and second the pull of grav- 
ity on the mercury in a precision barometer). 

Geodesists studying the size and shape of the earth are 
especially interested in how g varies from one place to 
another, since this tells them something about the way the 
earth’s mass is distributed. It happens also that the dif- 
ference between the values of g at two places can be meas- 
ured more accurately (to +£0.01 milligal in the best 
determinations) than can the absolute values themselves. 
Geodesists have therefore, since 1909, adopted a particular 
site in Potsdam, Germany, as a conventional reference 
point; assigning it the value of g obtained in 1906 by 
Kiihnen and Furtwangler, and assigning values to other 
places by adding to this the measured change in g when 
one goes from Potsdam to the place in question. Later 
absolute determinations have shown that the absolute 
values assigned on the Potsdam system are too large. 
Thus the absolute value of g obtained in the present meas- 
urement at NBS is 13.2 milligals below its Potsdam value, 
a result that agrees well with other recent determinations. 


ACCELERATION 


DUE TO GRAVITY 
MEASURED AT NBS 
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The Method Used 


Like other recent precise determinations of g, except 
those employing the Kater reversible pendulum prin- 
ciples, the new NBS experiment involves time and distance 
measurements on a freely falling body. In this case, the 
body is a hollow rod of fused silica about 1.3 cm in diam- 
eter and 103 cm in length, which falls with its long axis 
vertical. 

In the rod are three holes whose lower edges are 
bounded by carefully made knife edges of metal. These 
edges are mounted perpendicularly to the long axis, one 
near the lower end of the rod, one about 30 cm above the 
first, and the third about 70 cm above the second. The 
critical distances are those between the first and second 
knife edges (about 30 cm) and between the second and 
third knife edges (about 70 cm). The critical times are 
those required for the rod to fall through the two critical 
distances. 

If each critical distance is divided by its corresponding 
time, one obtains the average downward speeds for two 
immediately successive intervals. From these the value 
of g is obtained by a simple calculation. 

The distances between the knife edges are found by 
comparison with an invar line standard mounted on the g- 
apparatus. The invar standard is checked in turn against 
a group of standards the values of which are derived from 
the wavelength standard of length. 

Timing is done with the help of a collimated light beam, 
a photomultiplier cell, and two electronic timers. As the 
rod falls, it interrupts the beam of light, preventing it 
from reaching the photocell. However, when the first 
(lowest) knife edge reaches the beam, light begins to 
pass through the adjacent hole and the resulting signal 
from the photocell sets the two electronic timers going. 
A little later the second metal edge reaches the beam and 
again the light falls momentarily on the photocell, and 
this time the electrical signal from the photocell is used 
to stop the first timer. Finally, when the third metal edge 
reaches the beam, the pulse from the photocell stops the 
second timer. The first of the required times is then 
simply the reading of the first timer, and the second re- 
quired time is the difference between the two timer read- 
ings. Timer accuracy is checked against the NBS fre- 
quency signals which are derived from the atomic fre- 
quency standard. 

A feature of the method is that the silica rod is en- 
closed in a vacuum chamber which falls together with it. 
The chamber is mounted on a carriage, and it has three 
pairs of windows (front and back) opposite the holes in 
the rod to let the light beam through. 

The falling chamber technique has the advantage that 
any air remaining in the chamber is very nearly at rest 
with respect to the falling rod, so that the frictional drag 
on the rod is minimized. Consequently, only a moderate 
vacuum is needed. 
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Absolute determinations of the acceleration of gravity since1900, 


showing departures from Potsdam system. 


At start, the silicon rod J rests with its metallic 
tip K in cone seat L attached to vacuum chamber. 
When catch D is opened, spring E gives Ba 
slight push, separating it from bar J, which then 
floats free inside the vacuum chamber. Carriage 
is brought to smooth stop when plunger F enters 
dashpot G. 
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ACCELERATION continued 


Initially, the rod rests vertically on a special bearing 
surface at the bottom of the chamber. To start the experi- 
ment, a latch is released, permitting carriage and chamber 
to fall. Just after this, a spring gives the carriage a small 
extra push downwards. This sends the vacuum chamber 
down and away from the rod, which then falls freely. The 
motion of the carriage is guided by rails. 

The value of g varies not only with latitude and longi- 
tude (primarily the former), but also with altitude. Thus, 
in the 1 meter through which the rod dropped (distance 
between first and third holes) the value of g increased by 
roughly 3 parts in 10 million. This variation was, of 
course, taken into account in calculating g from the time 
and distance measurements. Also, it was desired to state 
the value of g at the level of the floor of the site, so that 
allowance had to be made for the change in g in going 
from the effective altitude of the experimental setup down 
to the floor. 

It should be noted that “acceleration of gravity” is used 
here in its customary sense: namely, the acceleration pro- 
duced in small bodies (that is, small compared to the 
earth) near the earth’s surface by the resultant of the 
force of gravity and the inertial (centrifugal) force due 
to the earth’s rotation. 


1A preliminary summary is given in: Absolute value of g at the National 
Bureau of Standards, by D. R. Tate, J. Res. NBS 70C (Engr. and Instr.), 149 
(April-June 1966). A detailed report is in preparation. 

2 One milligal is one-thousandth of a gal (named for Galileo), a gal being 
an acceleration of 1 cm/s?. One milligal is approximately 1 part in a 
million of the value of g. 
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Fused-silica bar used in 
PIT om free-fall gravity measurement. M: 
three holes bounded by metal knife 
edges. T: upper alinement bushing 
= for rotational orientation of rod 
(not in contact at time of release) . 
K: metallic tip with spherical 
segment which rests in cone seat 
until time of release. 


TUNGSTEN FILAMENT LAMP continued 


standards of luminous intensity, spectral radiance, and 
spectral irradiance. 

The new lamp standards are commercial projection- 
type tubular-bulb lamps having C-13 type coiled filaments 
and may be operated on either alternating or direct cur- 
rent. The useful calibration life (50 hours for 1 percent 
change) for the lamps is somewhat shorter than for the 
previous standards. However, the new lamps have an 
estimated overall accuracy of +1 percent and operate at 
color temperatures between 2700 and 2850 °K. 

The new standards are of three sizes: 100-, 500-, and 
1000-watt. They were selected for the absence of signifi- 
cant optical or mechanical defects, seasoned, marked for 
orientation, and calibrated for the density of radiant flux 
at 1 and 2 meters in the specified direction. For best 
operation the lamps are operated in a large blackened 
chamber or small unlighted room. 


*W. W. Coblentz, Bull. BS 11, 471 (1913), also BS Sci. Pap. 16, 701 
1920). 
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New tungsten-filament lamp standards recently 
adopted by NBS have increased the accuracy and 
range of irradiance measurements beyond those 
possible with the previously used carbon filament 
lamps. The blackbody (center) is used to 
calibrate the lamps. 


NBS Technical News Bulletin 


STANDARD 
REFERENCE 
MATERIALS 


The NBS Office of Standard Reference Materials has 
prepared and certified new standard reference materials 
of beryllium-copper alloys, plastic fading chip, and lime- 
stone. Developed to meet the critical needs of science and 
industry in research, production control, and customer ac- 
ceptance evaluations, these standards will be used for 
calibrating measurement equipment or measurement sys- 
tems in the purchaser’s laboratories. The new standard 
reference materials will be added to the more than 600 
others supplied by the Office of Standard Reference Mate- 
rials for use in calibrating spectrometers, temperature 
measuring equipment, viscometers, and other apparatus 
used to measure or determine radioactivity, isotope ratios 
of elements, dielectric properties, particle size, and the con- 
stituents of chemical compounds and metal alloys.? 


Beryllium-Copper 


Three new beryllium-copper standards became avail- 
able with a provisional certificate December 19, 1966. In 
preparation for nearly 2 years, these standard materials 
were developed in cooperation with representatives of the 
electrical, electronics, and aerospace industries of the Na- 
tion to meet the needs of these industries for analytical 
reference materials. 

The unique properties of the beryllium-copper alloys 
have led to their widespread use in electronic devices, 
instrumentation, welding, nonsparking safety tools, and 
in the specialized devices of almost every military, oceano- 
graphic, and aerospace system. Thousands of computer 
parts are made from these alloys including contact springs, 
connectors, bus systems, and like components of micro- 
miniaturized devices in which high reliability must be 
achieved. 

The tolerances for variation in properties, many of 
which are composition dependent, are quite severe. The 
three new standard reference materials are NBS Standard 
Nos. 1121, 1122, and 1123 (in wrought form) and C1121, 
C1122, and C1123 (in chill-cast form), and correspond to 
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CABRA alloys 165-170, 25-172, and 10-175, respectively. 
They will enable the production of off-specification mate- 
rial to be minimized in an industry which produces about 
$50 million worth of production material annually and 
which is growing at the rate of about 15 percent each year. 

The material for each standard was melted and cast at 
the Beryllium Corp. plant, Reading, Pa. Homogeneity 
testing and analyses were made by the NBS Analytical 
Chemisty Division, the Micro Switch Division of Honey- 
well, Inc., the Beryllium Corp., and the Brush Beryllium 
Corp., Alloy Products Division. 

These new materials provide a range of chemical com- 
positions encompassing the beryllium-copper alloys in 
general commercial usage. In the form of wrought discs, 
144 in. in diameter by %4 in. thickness, and chill cast 
squares, 114 by 114 by % in. thick, they are intended 
primarily for calibrating optical emission and x-ray spec- 
trometric methods of analysis. Cross-sectional millings 
may be taken from the discs for calibrating the various 
solution methods of analysis. The beryllium-copper 
standards, each supplied with a certificate showing its 
chemical composition, cost $45 per unit.” 


Light-Sensitive Plastic Chips 


The stability of color and transparency are very im- 
portant in plastics and textiles. These materials and their 
coloring agents are under continual testing in order to 
improve stability and to control quality for such uses as 
automobile upholstery, plastic building materials, and 
decorative materials. 

Natural light and weathering are not completely repro- 
ducible and are slow to produce changes in a specimen. 
Thus materials calibrated against a standard source by a 
prescribed procedure have been needed to provide a stand- 
ard reference material which everyone could use. 

Poly (methyl methacrylate) plates containing a dye, 
Solvent Yellow 33—color index 47,000, have been cali- 
brated at NBS with respect to fading of the dye by expo- 
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REFERENCE MATERIALS continued 


sure to carbon-arc radiation. Values of the transmit- 
tance of the plates at two wavelengths, 418 and 420 nano- 
meters (millimicrons), were determined as a function of 
exposure, and a set of calibration curves for fading were 
prepared. 

The fading chips constitute two new standard materials, 
designated NBS Standard Nos. 702 and 703. These stand- 
ards were certified in November 1966 for use in the con- 
trol and comparison of artificial fading and weathering 
apparatus. They are sold in sets of five chips with a 
Certificate of Calibration, including fading curves, for 
$15.50 per set.2, They complement the opaque light-sensi- 
tive paper standards (NBS Standard Nos. 700a and 701a) 
for evaluating light dosage in light and exposure testing 
and in artificial weathering tests. 


Limestone 


Limestone is of major importance to the steel, glass, 
cement, building, and chemical industries and to agri- 
culture as one of industry’s essential low-cost raw mate- 
rials. The basic oxygen process of steelmaking, only a 
developmental process a decade ago, is a major steelmak- 
ing process today, accounting for at least 25 percent of the 
more than 130 million ingot tons produced in the United 
States last year. More than half of the flux requirements 
of the industry are for this new process which has doubled 
its requirements for lime in the past 5 years. Relatively 
severe tolerances for chemical composition must be met. 
These require accurately calibrated methods of analysis. 

To supply present day needs, two limestone standards 
are being prepared that are representative of the two 
major types of limestone. The first, designated NBS 
Standard No. lb, an argillaceous stone, was certified 
November 8, 1966, as a renewal for No. la and costs $12 
for a unit weighing approximately 50 grams.? A dolo- 
mitic limestone, NBS Standard No. 88a, is being prepared 
as a renewal of No. 88. Certification is expected to be 
completed by April 1, 1967. These standards will pro- 
vide reference points for the analysis of limestones and are 
expected to be adequate for needs foreseen over the next 
) years or more. 


New Publications 


The NBS Miscellaneous Publication 260 Series was 
started to provide interested groups participating in the 
Standard Reference Materials Program with detailed in- 
formation on specific aspects of the program. New-publi- 
cations in the series include: * 

Misc. Publ. 260-11, “Standard Reference Material: 
Viscosity of a Standard Lead-Silica Glass,” by A. 
Napolitano and E. G. Hawkins. 24 pages, 6 figures (Nov. 
7, 19665). Price 25 cents. 
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Misc. Publ. 260-12, “Standard Reference Material: 
Homogeneity Characterization of NBS Spectrometric 
Standards III: White Cast Iron and Stainless Steel Powder 
Compact,” by H. Yakowitz, D. L. Vieth, and R. E. 
Michaelis. 13 pages, 4 figures (Sept. 19, 1966). Price 
20 cents. 

Misc. Publ. 260-14, ‘‘Standard Reference Material: 
Determination of Oxygen in Ferrous Materials NBS Stand- 
ard Nos. 1090, 1091, and 1092,” by Oscar Menis and J. T. 
Sterling. 26 pages, 8 figures (Sept. 23, 1966). Price 
30 cents. 

Miscellaneous Publication 260-11 outlines details of 
the procedures used by NBS and seven other laboratories 
in measuring the viscosity of a lead-silica glass in the 
range of 10° to 10° poises (in this range temperature 
varies from 1350-400 °C). Measurements were made 
by the rotating cylinder, restrained sphere, fiber-elonga- 
tion, and beam-bending methods. The results presented 
in the report are critically evaluated.* 

A continuation of the NBS efforts to characterize metal 
materials as to their suitability for calibrating micro- 
analytical techniques is described in Miscellaneous Publi- 
cation 260-12. The work was intended to test the 
usefulness of a chill-cast white cast iron and a compacted 
stainless steel powder in calibrating the solids mass 
spectrometer and the electron probe microanalyzer. It 
was concluded, from electron probe microanalysis and 
optical metallography, that the materials are not suitable 
for calibrating in microanalytical techniques although 
they are useful for such macroanalytical techniques as 
optical emission and x-ray spectrochemical analysis. 

The methods that were used to determine the homo- 
geneity and oxygen values of three new standard refer- 
ence materials certified for oxygen content only are 
described in Miscellaneous Publication 260-14. The ana- 
lyses were made by two different vacuum fusion proce- 
dures—a manometric measurement procedure in which the 
carbon monoxide from the sample was converted to carbon 
dioxide by copper oxide and the gases frozen differentially, 
and a direct infrared measurement of the carbon mon- 
oxide evolved. Additional values were obtained by utiliz- 
ing an inert-gas fusion method. Data are also given for 
ingot iron, vacuum melted iron, and a chromium stainless 
steel (AISI Type 431) as reported by 18 cooperating 


laboratories. 


‘For a complete list of Standard Reference Materials available from 
NBS, see Standard Reference Materials: Catalog and Price List of Standard 
Materials Issued by the National Bureau of Standards, NBS Misc. Publ. 
260, for sale by the Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402, for 45 cents. Quarterly insert 
sheets which up-date Misc. Publ. 260 are supplied on request. 

2 These standards may be purchased for the price indicated from the 
Office of Standard Reference Materials, National Bureau of Standards, 
Washington, D.C. 20234. 

3 For sale by the Superintendent of Documents, U.S. Government Printing 
Office, Washington, D.C. 20402, for the price indicated. 

4 See Range of glass viscosity measurements extended, NBS Tech. News 
Bull. 50, No. 7, 106-107 (July 1966). 
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This column regularly reports significant developments 
in the program of the National Standard Reference Data 
System. The NSRDS was established in 1963 by the Presi- 
dent’s Office of Science and Technology to make critically 
evaluated data in the physical sciences available to science 
and technology on a national basis. The System is admin- 
istered and coordinated by the National Bureau of Stand- 
ards through the NBS Office of Standard Reference Data, 
located in the Administration Building at the NBS Gaith- 
ersburg Laboratories. 


New Data Center 


Since World War II, a wealth of information on elec- 
trolytic solutions has accumulated at such a rate that 
critical evaluations of the data have seriously lagged be- 
hind. Because of the importance of these data to science 
and industry, the National Bureau of Standards has re- 
cently established the Data Center for Thermodynamic 
and Transport Properties of Aqueous Solutions of Elec- 
trolytes within the Electrochemical Section of the NBS 
Electricity Division. Under the direction of Walter J. 
Hamer, Chief of the Section, the Center will compile and 
critically evaluate data on the properties of aqueous solu- 
tions of electrolytes. 

Thermodynamic and transport properties of electrolytic 
solutions are important to the understanding and evalua- 
tion of such scientific and industrial processes as: (1) 
Electrode processes considered for the construction of dry 
cells, storage batteries, or fuel cells; (2) electrolytic proc- 
esses used in the industrial production of hydrogen, deu- 
terium, chlorine, and caustic soda, or the electrowinning 
or purification of metals; (3) reactions encountered in 
galvanic corrosion and commercial electroplating; (4) re- 
actions used in chemical analysis; (5) reactions used in 
inorganic synthesis; and (6) general interpretations of 
the chemistry of the elements. 

The compilation and critical evaluation activity of the 
Center may be divided into three branches. The first 
branch will work with data on the standard electrode po- 
tentials of the elements and the standard oxidation-reduc- 
tion potentials of chemical processes from the freezing 
to the boiling point of the aqueous medium. These po- 
tentials will be related to the National Standard of elec- 
tromotive force (or voltage) maintained by the Elec- 
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trochemical Section. The potentials will also be critically 
evaluated for utilization in the determination of the Gibbs 
(free) energy of formation and related thermodynamic 
data for compounds. 

The second branch will deal mainly with data on activi- 
ties and activity coefficients of electrolytic solutions. 
Activity coefficients give a measure of the deviations of 
solutions from ideality and include the magnitude of all 
effects that lead to these deviations. Activity coefficients 
also are utilized in arriving at the standard values for the 
potentials covered by the first branch. These coefficients 
are also important in evaluating rate and equilibrium 
constants for chemical processes and electrolytic dissocia- 
tion. Emphasis is presently being given to potassium and 
sodium chloride which are generally used as standards for 
the activity coefficients of other substances. 

The third branch will work with data on the electrolytic 
conductivity of aqueous solutions and the transference 
numbers and mobilities of the ions in such solutions. The 
only extensive collection in English of “authoritative” 
data on the conductivity of electrolytic solutions and 
transference numbers is contained in Volumes V and VI 
of the International Critical Tables published in 1929. 
The data included in these tables were based on 1,093 
references; the Center has collected an additional 3,576 
references to data published since then. These data are 
being interpreted in terms of the modern conductivity 
theories of Fuoss and Onsager. A computer is utilized to 
obtain the best least-square fit to theoretical equations 
expressing the conductance as a function of concentration. 

Ultimately, data on densities, viscosities, and heats of 
dilution for aqueous solutions of electrolytes will be cov- 
ered by this Center. 

Data on nonaqueous systems and molten-salt media are 
being supplied by two adjunct centers: Dr. Loren Hepler 
of the Carnegie Institute of Technology supplies data on 
nonaqueous systems and Dr. George Janz of the Rensselaer 
Polytechnic Institute supplies data on molten salts. 


Evaluating the Surface Tension of Pure Liquids 


Joseph J. Jasper, Professor Emeritus of Chemistry 
at Wayne State University, Detroit, Mich., is embarking 
on a project to evaluate the surface tension of pure sub- 
stances which are liquid at ordinary temperatures. He 
will make a comprehensive survey of the literature to un- 

continued 
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NSRDS NEWS continued 


cover relevant data and will review them critically in terms 
of methodology, precision, accuracy, and related factors. 

The project will complement an existing project on the 
surface tensions of fused salts which is now being carried 
out at Rensselaer Polytechnic Institute under George Janz. 


Pennsylvania State University 
Cooperates on Crystal Data 


For some time, Pennsylvania State University has been 
engaged in an effort to put the Powder Diffraction file of 
the American Society for Testing and Materials into com- 
puter-readable form. Now under contract with the NBS 
Office of Standard Reference Data, the University will 
undertake an effort to coordinate the single-crystal data of 
Donnay’s Crystal Data Determinative Tables with the 
ASTM file. As previously reported (VSRDS News, TNB 
August 1966), the Office of Standard Reference Data is 
sponsoring the reissue of Donnay’s tables by means of 
computer-controlled typesetting. A byproduct of this ef- 
fort is a magnetic tape containing the entire information 
of the tables. 

The NBS-Pennsylvania State University project will put 
the two files into formats which are compatible, so that 
intercomparison of data becomes possible, and which at 
the same time are suitable for automatic searching of 
tapes in response to questions fed into the computer. 
Hopefully, the resulting crystal data file will serve as a 
test case for computer storage, retrieval, printing, and 
updating of data files. 


High Temperature Properties and Decomposition 
of Inorganic Salis 


Part 1. Sulfates 


In the last generation, inorganic salts, particularly in 
the liquid state, have assumed increasing importance in 
a variety of applications. They are useful as reaction 
media, in metallurgical processes, and in electrochemical 
power sources such as fuel cells and thermal batteries. 

Experimentalists and theorists have found molten salts 
an interesting subject for study since these ionic fluids 
offer an unusual opportunity for the study of short-range 
ionic interactions in the liquid state. 

So far, attention in this field has largely been focused 
on the halides since their stability at high temperatures is 
well known. The only decomposition which they can 
undergo is dissociation into the elements. The extent of 
this dissociation can be easily calculated from existing 
thermodynamic compilations. 

For most inorganic salts the situation is more compli- 
cated. In many cases the decomposition reactions are 
not well defined and high-temperature thermodynamic 
and kinetic data are either lacking or scattered through 
the literature. Thus, although the study of many salts 
would undoubtedly prove interesting and useful, they 
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have received little attention at high temperatures because 
in many cases not even the range of thermal stability is 
known. 

High Temperature Properties and Decomposition of 
Inorganic Salts, Part 1, Sulfates,‘ has been published as 
NSRDS-NBS-7. This publication is part of a series of 
critically evaluated compilations providing in concise form 
thermodynamic and kinetic data relevant to the high- 
temperature behavior of important classes of inorganic 
salts. For the present, the compilations in this series are 
restricted to anhydrous compounds with monatomic cat- 
ions and oxyanions containing one element besides oxy- 
gen. Each volume in this series will deal with compounds 
of one anion. NSRDS—NBS-7 is the first in the series and 
deals with sulfates. 

Thermodynamic variables included in NSRDS—-NBS-7 
are: 

(a) Phase transition temperatures above 298.15 °K, 
except those at high pressure, together with the corre- 
sponding enthalpies and entropies. 

(b) Equilibrium constants and decomposition pres- 
sures, as well as relevant free-energy functions from 298.15 
°K to as high a temperature as data exist. AHf and S° 
values of reactants and products at 298.15 °K from which 
the above functions are calculated are also given. 

(c) Densities at 298.15 °K and above. 

Kinetic data which have been included are: 

Qualitative and quantitative information on the ki- 
netics of thermal decomposition. 

Part 2 of this series, Carbonates, is due for publication 
in 1967. This will be followed by a critical compilation 
on_ halides. 


Thermal Conductivity of Selected Materials 


Thermal Conductivity of Selected Materials,’ by R. W. 
Powell, C. Y. Ho, and P. E. Liley of the Thermophysical 
Properties Research Center, Purdue University, has been 
published as NSRDS-NBS-8. This compilation consists 
of the critical evaluation and analysis of the available 
thermal conductivity data on 11 metals and 9 nonmetals 
mainly for the solid state, on 7 fluids for both the liquid 
and gaseous states, and on 2 for liquid state only. The 
materials studied were selected primarily for their po- 
tential applicability as reference standards or because 
of their technical importance. 

The metals included in this compilation are aluminum 
(solid and liquid state), copper, gold, iron (Armco and 
pure), manganin, mercury (liquid state), platinum, plati- 
num alloyed with 40 percent rhodium, silver, and tungsten. 

The nonmetallic solids treated include aluminum oxide, 
beryllium oxide, Corning code 7740 glass, diamond, mag- 
nesium oxide, ceramic code 9606 glass, quartz, thorium 
dioxide, and titanium dioxide. 

Data in the literature for the following substances in 
both liquid and gaseous state were examined and evalu- 
ated in this compilation: argon, carbon tetrachloride, di- 
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phenyl, helium, nitrogen, m-terphenyl, p-terphenyl, toluene, 
and water. 


Microwave Spectral Tables 


NBS Monograph 70 is a five-volume set of Microwave 
Spectral Tables compiled by members of the NBS Radio 
Standards Laboratory at Boulder, Colo. Volume I, Dia- 
tomic Molecules, and Volume II, Line Strengths of Asym- 
metric Rotors, appeared in December 1964. Although 
both volumes were written before the NSRDS _ pro- 
gram in atomic and molecular properties became active, 
the Office of Standard Reference Data has encouraged 
efforts to complete the series. Monograph 70 is expected 
to be of considerable use to researchers in the field of 
microwave spectroscopy and to others who are exploring 
the use of microwave techniques for chemical analysis. 

Volume III, Microwave Spectral Tables, Polyatomic 
Molecules With Internal Rotation, by P. F. Wacker, M. S. 
Cord, D. G. Burkhard, J. D. Peterson, and R. F. Kukol, 
has now been completed. Volumes IV and V will appear 
shortly after Volume III. Volume IV is entitled Spectra 
of Polyatomic Molecules Not Capable of Exhibiting In- 
ternal Rotation, and Volume V lists spectral lines accord- 
ing to frequency and will serve as a line index for the whole 
series. For continuity and consistency, these volumes have 
been made part of the Monograph 70 series, and not a 
formal part of the NSRDS publication program. 

The plans of the Office of Standard Reference Data in- 
clude active continuation of efforts to review, evaluate, 
select, and publish microwave spectral tables as part of the 


NBS contribution to the NSRDS program. 
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Mrs. Anne Marie O’Toole 
operates the console used in the 
Electrochemical Section to 
measure the electromotive force 
of galvanic cells and standard 
cells. 


Extension of X-Ray Cross-Section Data Down 
to 1 keV 


X-Ray Attenuation Coefficient From 10 keV to 100 MeV, 
by Gladys White Grodstein, NBS Circular 583 (April 30, 
1957) is a tabulation of x-ray cross-section data for 
energies in the 10 keV to 100 MeV range. For lower 
energies, however, no generally accepted tabulation ex- 
ists. As a result, a number of independent low-energy 
tabulations are in circulation, a factor which has led 
to difficulties in the exchange of information between 
laboratories. 

An intensive effort, making optimum use of present 
computer capabilities, is underway to compile tables over 
the range | keV to 1 MeV using the best experimental and 
theoretical knowledge. This effort, sponsored by the De- 
fense Atomic Support Agency, is being conducted at the 
Lawrence Radiation Laboratory, Livermore, Calif., under 
the direction of W. H. McMaster. J. H. Hubbell, of the 
NBS Radiation Physics Division, currently engaged in 
overlapping and higher energy x-ray tabulations under 
NSRDS sponsorship, is serving as a consultant and eval- 
uator on the project. This DASA-LRL-NBS collabora- 
tion will provide a much wider acceptance of the tables 
and will present the possibility of using the numbers in 
whole or in part to provide a low-energy extension of 
present NBS tables sooner than could be done otherwise. 


1 For sale by the Superintendent of Documents, U.S. Government Printing 
Office, Washington, D.C. 20402, for the price indicated: NSRDS-NBS—7— 
35 cents, NSRDS—NBS—8—$1.00, NBS Circ. 583—25 cents. 
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PUBLICATIONS of the National Bureau of Standards 


PERIODICALS 


Technical News Bulletin, Volume 51, No. 2, February 1967. 15 
75 cents additional for 


cents. Annual subscription: $1.50. 
foreign mailing. Available on a 1-, 2-, or 3-year subscription 
basis. 


Journal of Research of the National Bureau of Standards 

Section A. Physics and Chemistry. Issued six times a year. 
Annual subscription: Domestic, $5; foreign, $6. Single copy, 
$1.00. 

Section B. Mathematics and Mathematical Physics. Issued 
quarterly. Annual subscription: Domestic, $2.25; foreign, 
$2.75. Single copy, 75 cents. 

Section C. Engineering and Instrumentation. Issued quarterly. 
Annual subscription: Domestic, $2.75; foreign, $3.50. Single 
copy, 75 cents. 


CURRENT ISSUES OF THE JOURNAL OF RESEARCH 
J. Res. NBS 71B (Math. and Math. Phys.), No. 1 (Jan.—Mar. 

1967), 75 cents. 

Algorithms for frames and lineality spaces of cones. 
Wets and C. Witzgall. 

The coefficients of the powers of a polynomial. M. Newman. 

Stable evaluation of polynomials. C. Mesztenyi and C. Witzgall. 

On involutions. O. Shisha and C. B. Mehr. 

Minimum number of subsets to distinguish individual elements. 
P. R. Meyers. 

E-transforms. F. M. Ragab. 

Three observations on nonnegative matrices. 

Additional remarks on a theorem of M. Riesz. 


OTHER NBS PUBLICATIONS 


Heat treatment and properties of iron and steel, T. G. Digges, 
S. J. Rosenberg, and G. W. Geil, Mono. 88 (November 1, 1966), 
35 cents. (Supersedes Circ. 495 and Mono. 18). 


The National Bureau of Standards 1966, Misc. Publ. 282 (Nov. 
1966) , 35 cents. 

A grammar for component combination in chinese characters, 
B. K. Rankin, III, S. Siegel, A. McClelland, and J. L. Tan, 
Tech. Note 296 (Dec. 1966) , 60 cents. 


A new near-zone electric field-strength meter, F. M. Greene, Tech. 
Note 345 (Nov. 15, 1966), 35 cents. 


Infrared reflectances of metals at cryogenic temperatures—a com- 
pilation from the literature, P. F. Dickson and M. C. Jones, 
Tech. Note 348 (Oct. 14, 1966), 40 cents. 


The design and operation of a high voltage calibration facility, 
W. W. Scott, Jr., Tech. Note 349 (Nov. 10, 1966), 25 cents. 


Radiochemical analysis: activation analysis, instrumentation, ra- 
diation techniques, and radioisotope techniques, July 1965 
through June 1966, Ed. J. R. DeVoe, Tech. Note 404 (Sept. 30, 
1966) , $1.25. 


PUBLICATIONS IN OTHER JOURNALS 


This column lists all publications by the NBS staff, as soon 
ajter issuance as practical. For completeness, earlier references 
not previously reported may be included from time to time. 


CHEMISTRY 


Acidity functions for amphiprotic media, R. G. Bates, Book, Chem- 
istry of Nonaqueous Solvents, I, Sect. III, 97-128 (Academic 
Press, Inc., New York, N.Y., 1966). 

Approximate eigenfunctions of the Liouville operator in classical 
many-body systems, R. Zwanzig, Phys. Rev. 144, No. 1, 170-177 
(Apr. 8, 1966). 


Collagen aggregation phenomena, J. M. Cassel, Biopolymers 4, 
989-997 (1966). 


R. J. B. 


A. J. Hoffman. 
J. M. Smith. 
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Crystal growth of bone mineral, W. E. Brown, Clin. Orthopaed. 44, 
205-219 (1966). 

Effect of certain crystalline substances on physical properties of 
elastomers. I. Stress-strain behavior, F. J. Linnig, E. J. Parks, 
and R. D. Stiehler, Rubber Chem. Technol. 39, No. 4, Pt. 1, 
1041-1052 (Sept. 1966). 


Infrared spectra of hydroxyapatite, octacalcium phosphate and 
pyrolysed octacalcium phosphate, B. O. Fowler, E. C. Moreno, 
and W. E. Brown, Arch. Oral. Biol. 11, 477-492 (1966). 


Oxidation products in an oxygen-blown Kuwait asphalt, P. G. 
Campbell and J. R. Wright, IZEC Product Res. Devel. 5, No. 4, 
319-323 (Dec. 1966). 

Proton broad-line NMR study of (7Hs) dimethoxy (*B) borane, 
T. C. Farrar, J. Cooper, and T. D. Coyle, Chem. Commun. 17, 
610-611 (1966). 

Pyrolysis of vinyl and vinylidene fluoride polymers: Influence of 
prior gamma-irradiation, L. A. Wall, S. Straus, and R. E. Florin, 
J. Polymer Sci, 4, Pt. A-1, 349-365 (1966). 

Random-walk model of adsorption of a chain-polymer molecule on 
a long rigid-rod molecule, R. J. Rubin, J. Chem. Phys. 44, No. 5, 
2130-2138 (Mar. 1, 1966). 

Rodlike behavior of poly (n-butyl) isocyanate from dielectric meas- 
urements, H. Yu, A. J. Bur, and L. J. Fetters, J. Chem. Phys. 
44, No. 7, 2568-2576 (Apr. 1, 1966). 

Shear relaxation times of simple fluids, R. D. Mountain and R. 
Zwanzig, J. Chem. Phys. 44, No. 7, 2777-2779 (April 1966). 
Silicon-fluorine chemistry. II. Silicon-boron fluorides, P. L. Timms, 
T. O. Ehlert, J. L. Margrave, F. E. Brinckman, T. C. Farrar, 
and T. D. Coyle, J. Am. Chem. Soc. 87, No. 17, 3819-3823 

(September 1965). 

Soft tissue response to implants of gallium alloys and silver 
amalgam alloys, H. W. Lyon, R. M. Waterstrat, and G. C. Paffen- 
barger, J. Am. Dental Assoc. 72, No. 3, 659-664 (March 1966). 


Some aspects of the coulomb hole of the ground state of H;*, W. 
Lester and M. Krauss, J. Chem. Phys. 44, No. 1, 207-212 (Janu- 
ary 1966). 

Spectrochemical analysis of high-temperature alloys by spark 
excitation in argon and nitrogen, H. C. Dilworth, Am. Soc. Test- 
ing Mater. Spec. Tech. Publ. 376 (1965). 

Standardization of the differential chemical shift for Fe’, J. J. 
Spijkerman, F. C. Ruegg, and J. R. DeVoe (Proc. New England 
Nuclear Mossbauer Symp., New York, N.Y., January 1964), 
Book, Mossbauer Effect Methodology, pp. 115-120 (Plenum 
Press Inc., New York, N.Y., 1965). 

Studies of molten alumina in the arc-image furnace, J. J. Diamond 
and A. L. Dragoo, Rev. Hautes Temper. et Refract. 3, 272-279 
(1966) . 

Temperature measurement in high temperature chemistry: 1000— 
3000 °C, R. F. Walker, Rev. Hautes Temper. et Refract. 3, 
301-308 (1966). 

The adsorption kinetics of nitrogen on rhenium, M. D. Scheer and 
J. D. McKinley, Surface Sci. 5, No. 3, 332-344 (Nov. 1966). 
The electron paramagnetic resonance spectrum of tetrakis-t- 
butoxyvanadium (IV), G. F. Kokoszka, H. C. Allen, Jr., and G. 

Gordon, Inorg. Chem. 5, 91-93 (1966). 

The melting point of Al.0; in vacuum, S. J. Schneider and C. L. 
McDaniel, Rev. Hautes Temper. et Refract. 3, 351-361 (1966). 

The microwave spectrum of dinitrogen trioxide, R. L. Kuczkowski, 
J. Am. Chem. Soc. 87, 5259-5260 (1965). 


ENGINEERING AND INSTRUMENTATION 


A statistical model of flicker noise, J. A. Barnes and D. W. Allan, 
Proc. IEEE 54, No. 2, 176-178 (February 1966). 

Anomalous conductance behavior in polymers, A. H. Scott (1965 
Annual Report Conf. Electrical Insulation). NAS—-NRC Publ. 
1356, pp. 98-102 (Natl. Acad. Sci.-Natl. Res. Council, Wash- 
ington, D.C. 1966). 


NBS Technical News Bulletin 


An automatic ellipsometer. Automatic polarimetry by means of 
an ADP polarization modulator III, H. Takasaki, Appl. Opt. 5, 
No. 5, 759-764 (May 1966). 

An intercomparison of atomic standards, R. Beehler, D. Halford, 
R. Harrach, D. Allan, D. Glaze, C. Snider, J. Barnes, R. Vessot, 
H. Peters, J. Vanier, L. Cutler, and L. Bodily, Proc. IEEE 54, 
No. 2, 301-302 (February 1966). 

An ultrasonic pressure gage, P. L. M. Heydemann, Am. Soc. Mech. 
Eng. Publ. No. 66-WA/PT-5 (1966). 

Bone-air cancellation, E. L. Smith, H. S. Bowman, P. G. Weissler, 
and R. K. Cook, Bull. Lab. Electroacoustique, No. 9, 45-50 
(April 1966). 

Convenient oF cutoff device for water cooled equipment, J. J. 
Ritter and T. D. Coyle, Rev. Sci. Instr. 37, No. 4, 523 (April 
1966). 

Government, industry and engineering, NBS in a new setting, 
S. Lichtenstein, Automotive Ind. 135, No. 10, 119-124 (Nov. 15, 
1966). 

Progress in nuclear electronics, L. Costrell, Book, Radioisotopes 
for Aerospace, Part 1. Advances and Techniques, p. 1-13 (Plen- 
um Press Inc., New York, N.Y., 1966). 

Study suggests value of shared computers, A. E. Rikli, S. I. Allen, 
and S. N. Alexander, Mod. Hosp. 106, No. 5, 100-108 (May 
1966). 

The NBS-A time scale—its generation and dissemination, J. A. 
Barnes, D. H. Andrews, and D. W. Allen, IEEE Trans. Instr. 
Meas. IM—14.,, 228-232 (December 1965). 


MATHEMATICS 


Hadamard matrices of order cube plus one, K. Goldberg, Proc. Am. 
Math. Soc. 17, No. 3, 744-746 (June 1966). 


Inequalities for the permanental minors of nonnegative matrices, 
R. A. Brualdi and M. Newman, Can. J. Math. 18, 608-615 
(1966) . 


Real two-dimensional representations of the free product of two 
finite cyclic groups, J. Lehner and M: Newman, Proc. Camb. 
Phil. Soc. 62, 135-141 (1966). 


METROLOGY 


Absolute determination of refractive indices of gases at 47.7 
gigahertz, A. C., Newell and R. C. Baird, J. Appl. Phys. 36, No. 
12, 3751-3759 (December 1965) . 


International comparison of measurements at high frequencies, 


IEEE Spectrum 3, No. 1, 89-98 (January 1966). 


LF-VLF frequency and time services of NBS, D. H. Andrews, IEEE 
Trans. Instr. Meas. IM—14, No. 4, 233-237 (December 1965). 


State standards and laboratories, T. M. Stabler, Scale J. 53, No. 
1, 3-14 (Oct. 1966). 

The measurement of solar radiation, with principal emphasis on 
the ultraviolet component, R. Stair, Air Water Pollut. Int. J. 10, 
665-688 (1966) . 


The system of electromagnetic quantities at 30 kHz to GHz, M. C. 
Selby, Metrologia 2, No. 1, 37-45 (January 1966). 

The system of electromagnetic quantities at frequencies above 1 
GHz, R. W. Beatty, Metrologia 2, No. 1, 46-54 (January 1966). 

The “volt standard” moves to Gaithersburg, Md., W. J. Hamer, J. 
Wash. Acad. Sci. 56, 101-108 (May 1966). 


PHYSICS 


Accurate microscopical determination of optical properties on one 
small crystal, C. P. Saylor, Book, Advances in Optical and 
Electron Microscopy, Ed. R. Barer and V. E. Cosslett, 1, 41-76 
(Academic Press Inc., New York, N.Y., 1966). 


Angle and channel dependence of resonance in e-He scattering 
near 60 eV, J. A. Simpson, M. G. Menendez, and S. R. Mielczarek, 
Phys. Rev. 150, No. 1, 76-78 (Oct. 7, 1966). 

Anomalous work function of the tungsten (110) plane, R. D. 
Young and H. E. Clark, Appl. Phys. Letters 9, No. 7, 265-268 
(Oct. 1, 1966). 


Compressibility, gas, J. M. H. L. Sengers, Encyclopedia of Physics, 


March 1967 


p. 118-120 (Reinhold Publ. Corp., New York, N.Y., 1966). 


Effect of nuclear alignment on the 14—-MeV total neutron cross 
section of *°Ho, H. Marshak, A. C. B. Richardson, and T. 
Tamura, Phys. Rev. 150, No. 3, 996-1010 (Oct. 21, 1966). 


Electron microscopy and diffraction of synthetic corundum crys- 
tals. II. Dislocations and grain boundaries in impurity-doped 
aluminum oxide, D. J. Barber and N. J. Tighe, Phil. Mag. 14, 
No. 129, 531-544 (Sept. 1966). 


Exact vibrational matrix elements for molecular hydrogen and the 
intensity of the quadruple rotation-vibration spectrum, T. C 
James, Astrophys. J. 146, No. 2, 572-580 (Nov. 1966). 

Interference in the photo-ionization of molecules. H. D. Cohen and 
U. Fano, Phys. Rev. 150, No. 1, 30-33 (Oct. 7, 1966). 


Pyrometry, optical, H. J. Kostkowski, Encyclopedia of Physics, p. 
563-564 (Reinhold Publ. Corp., New York, N.Y., 1966). 

Resonances in inelastic electron scattering from Hz, M. G. Men- 
endez and H. K. Holt, J. Chem. Phys. 45, No. 8, 2743-2744, 
(Oct. 15, 1966). 

The A’ transition of “KH and “KD. Vibrational numbering 
and molecular constants, I. R. Bartky, J. Mol. Spectry. 20, No. 4, 
299-311 (1966). 


The absorption spectrum of cesium deuteride. The A’ state of 
CsH, I. R. Bartky, J. Mol. Spectry. 21, No. 1, 25-28 (1966). 
The absorption spectrum of RbD. Vibrational numbering of the 
fee i of RbH, I. R. Bartky, J. Mol. Spectry. 21, No. 1, 1-3 
1966 


The momentum autocorrelation function in a Bernoulli chain, R. J. 
Rubin and P. Ullersma, J. Math. Phys. 7, No. 10, 1877-1885 
(Oct. 1966) . 

What environment—for whom? 
7, No. 1, 6-11 (July-Sept. 1966) . 

X-ray fiber optics, L. Marton, Appl. Phys. Letters 9, No. 5, 194— 
195 (Sept. 1, 1966) . 


RADIO SCIENCE 


The effect of atmospheric noise on the probability of error for 
an NCFSK system, A. M. Conda, IEEE Trans. Commun. Technol. 
CT—13, No. 3, 280-284 (September 1965). 


G. E. Auman, Civil Service J. 


*Publications for which a price is indicated are available by 
purchase from the Superintendent of Documents, U.S. Govern- 
ment Printing Office, Washington, D.C. 20402 (foreign postage, 
one-fourth additional). The NBS nonperiodical series are also 
available from the Clearinghouse for Federal Scientific and Tech- 
nical Information, Springfield, Va. 22151. Reprints from outside 
Journals and the NBS Journal of Research may often be obtained 
directly from the authors. 


CLEARINGHOUSE BIBLIOGRAPHIC JOURNALS ** 


U.S. Government Research & Development Reports. Semimonthly 
journal of abstracts of R&D reports on U.S. Government-spon- 
sored projects and list of current projects. Annual subscription 
(24 issues) : Domestic, $30; foreign, $37.50. Single copy, $2.25. 

Government-Wide Index to Federal Research & Development Re- 
ports. Companion publication to preceding; semimonthly index 
to reports and projects announced in Nuclear Science Abstracts, 
Scientific & Technical Aerospace Reports, Technical Abstract 
Bulletin, and U.S. Government Research & Development Re- 
ports. Annual subscription (24 issues) : Domestic, $22; foreign, 
$27.50. Single copy, $1.75. 

Technical Translations. Semimonthly journal providing lists and 
indexes of translations into English or western languages by 
translators in the United States or abroad. Annual sub- 
scription (24 issues): Domestic, $12; foreign, $16. Single 
copy, 60 cents. 

**TJ.S. Government Research & Development Reports and Gov- 
ernment-Wide Index are sold by the Clearinghouse for Federal 
Scientific and Technical Information, NBS, U.S. Department of 
Commerce, Springfield, Va. 22151. Technical Translations is sold 
by the Superintendent of Documents. 
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